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DESCRIPTION 



EPITAXIAL GROWTH METHOD AND SUBSTRATE FOR EPITAXIAL GROWTH 

Technical Field 

The present invention relates to an epitaxial growth 
method or a substrate for epitaxial growth, for forming a 
compound semiconductor layer on a semiconductor substrate 
by metal organic chemical vapor deposition, and especially 
relates to a technique for improving surface morphology of 
the compound semiconductor. 

Background Art 

In earlier development, a semiconductor wafer has 
been widely used for a semiconductor element such as a 
luminous element and light receiving element, in which a 
III-V group ternary or quaternary compound semiconductor 
layer such as an InGaAs layer, AlGaAs layer, InAlAs layer, 
InAlGaAs layer and InGaAsP layer and an InP layer are 
sequentially grown onto an InP substrate by epitaxial 
growth. The epitaxial layer of this semiconductor wafer is, 
for example, formed by metal organic chemical vapor 
deposition (hereinafter referred to as an MOCVD method) . 

However, when epitaxial growth of the above-described 
III-V group compound semiconductor is performed by the 
MOCVD method, it has been problematic that hillock-like 



2 



defect occurs on the surface of the epitaxial layer to 
cause inferior surface morphology. Therefore, various 
techniques for improving surface morphology of the 
epitaxial layer have been developed. 

For example, JP2750331B (patent document 1) discloses 
that plane orientation of a substrate in epitaxial growth 
is regulated in order to reduce a teardrop-like defect 
(synonymous with a hillock-like defect) occurring on a 
surface of a growth film. Concretely, plane orientation of 
a compound semiconductor single crystal substrate to be 
used is regulated according to a growth temperature and 
growth rate in growing the epitaxial layer, so that an 
occurrence of the teardrop-like defect is effectively 
reduced. 

Further, a similar technique with the above patent 
document 1 is disclosed in Journal of Crystal Growth 
129(1993) P456-464, M. Nakamura et al . (non-patent 
literature 1) . 

However, when a III-V group compound semiconductor 
layer such as InGaAs layer, AlGaAs layer, AlInAs layer and 
AlInGaAs layer is grown on a InP substrate by the above- 
described technique of prior art, aberrant rough morphology 
different from hillock-like defect is sometimes observed on 
a surface of an epitaxial growth layer (hereinafter 
referred to as aberrant surface morphology) (see FIG. 1) . 

The present invention is made in order to solve the 
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above problems. The object of the invention is to provide 
an epitaxial growth method and a substrate for growth used 
for epitaxial growth, in which occurrence of the aberrant 
surface morphology is effectively prevented in a course of 
growing a III-V group compound semiconductor layer such as 
InGaAs layer, AlGaAs layer, AlInAs layer and AlInGaAs layer 
on a InP substrate. 

Disclosure of Invention 

Hereinafter, a history to accomplish the present 
invention is briefly explained. 

Firstly, the present inventors investigated surface 
morphology of a semiconductor wafer in which an InGaAs 
layer had been grown on an InP substrate by the above- 
described technique of prior art. As a result, when the 
InGaAs layer was grown to be thinner than 0.5|im thick, the 
aberrant surface morphology as shown in FIG. 1 was not 
observed at all, and only when the InGaAs layer was grown 
to be thicker than 0.5|xm, aberrant surface morphology was, 
observed. 

The aberrant surface morphology may occur along with 
edges of a substrate as shown in FIG. 2(a), or at 
approximately a half area of a substrate as shown in FIG. 
2 (b) . It was found that the generation part varied 
according to substrates to be used. The present inventors 
presumed that plane orientation generally has slight 
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variation in an entire area of a substrate, which caused 
the substrates to show various generation status 
(generation part) of aberrant surface morphology as 
described above. 

As a result of a further investigation based on this 
presumption, it was revealed that the aberrant surface 
morphology especially occurred at a part having certain 
specific plane orientation, for example one inclined 0.03° 
to 0.04° with respect to (100) surface. That is, 
occurrence of the above-described aberrant surface 
morphology was based on an generation mechanism inherently 
different from that of a hillock-like defect which occurs 
at dislocation part of a substance, and it only depended on 
plane orientation of a substrate without any relation to 
dislocation of a substrate. 

On the basis of the above, the inventors acquired a 
knowledge that occurrence of the aberrant surface 
morphology can be prevented by using a substrate not having 
certain plane orientation in the entire area of the 
substrate, when a III-V group compound semiconductor layer 
such as InGaAs layer is grown to be 0 . 5|am thick or more by 
epitaxial growth on a substrate for growth such as InP 
single crystal. 

The present invention is made on the basis of the 
above knowledge, and is an epitaxial growth method 
comprising supporting a substrate for growth with a 
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substrate supporter, growing a compound semiconductor layer 
comprising three or four elements on the semiconductor 
substrate by metal organic chemical vapor deposition, 
polishing the substrate so that an angle of gradient 
direction is 0.00° to 0.03° or 0.04° to 0.24° with respect 
to (100) in an entire effective area of the substrate, and 
forming the compound semiconductor layer to be 0 . 5}xm thick 
or more on the substrate by using the substrate for growth. 
That is, since the aberrant surface morphology occurs in 
the case that the angle of gradient with respect to (100) 
surface is 0.03° to 0.04°, a substrate not including a 
portion having such plane orientation is used. 

Here, the effective area designates a center part of 
a substrate, eliminating a rolled edge occurring in mirror 
finishing process located at the most peripheral part 
thereof (approximately 3mm width from the circumference of 
the substrate) . 

Note that, as shown in the above non-patent 
literature 1, other aberrant morphology of step-like shape 
occurs on a surface of a compound semiconductor layer, when 
an angle of gradient is 0.24° or more. Thus, the upper 
limit of the angle of gradient is set to 0.24°. 

As a result, when a compound semiconductor is grown 
on a semiconductor substrate with epitaxial growth by using 
MOCVD method, occurrence of the aberrant surface morphology 
can be effectively prevented even in the case that the 
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compound semiconductor layer is formed to be more than 
O.Sjim thick. 

The compound semiconductor layer may be formed on the 
substrate for growth by the intermediary of a buffer layer. 
By doing so, the compound semiconductor layer having 
superior crystal quality can be grown with epitaxial growth. 

Further, it is also effective in growing a III-V 
group compound semiconductor layer containing at least As 
on the substrate for growth. In particular, it is suitable 
when the compound semiconductor layer is an InGaAs layer or 
InAlAs layer. 

The above non-patent literature 1 discloses that a 
hillock-like defect occurs when an angle of gradient is 
0.00° to 0.03°. However, as described above, the hillock- 
like defect occurs only at a crystal having dislocation. 
Thus, the occurrence of hillock-like defect can be 
prevented by using a crystal substrate having sufficiently 
low dislocation density or no dislocation. Concretely, it 
is desirable to use a semiconductor crystal substrate 
having dislocation density of 5000cm" 2 or less. 

For example, it is desirable to use a sulfur doped 
InP substrate when the above III-V group compound 
semiconductor is grown with epitaxial growth. 

In the above-described epitaxial growth method, the 
substrate for growth which has been previously polished so 
that an angle of gradient is 0.00° to 0.03° or 0.04° to 
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0.24° with respect to (100) direction in entire effective 
area of the substrate may be used. 

Brief Description of Drawings 

FIG. 1 is a micrograph of the aberrant morphology 
occurring on a surface of an epitaxial layer. 

FIG. 2 is an explanatory drawing showing a generation 
point of the aberrant morphology on a surface of an 
epitaxial layer. 

FIG. 3 is a schematic view showing laminated 
structure of the semiconductor wafer of the present 
embodiment . 

Best mode for carrying out the invention 

Hereinafter, a preferable embodiment of the present 
invention is explained with reference to the drawings. 

Firstly, an InP single crystal grown in (100) 
direction was manufactured with liquid encapsulated 
Czochralski (LEC) method in order to obtain the substrate 
for growth to which the present invention is to be applied. 
Sulfur, tin and iron were respectively used as a dopant so 
that a plurality of InP single crystals having different 
dislocation densities each other were obtained. The 
dislocation densities of the InP single crystals were 
500cm" 2 or less (sulfur dope), 5000cm' 2 (tin dope) and 
20000cm" 2 (iron dope) respectively. 
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Each InP single crystal was formed to be a circular 
cylinder of 2 inches diameter, and sliced to obtain an InP 
substrate in which the surface thereof slopes 0.00° to 
0.30° with respect to (100) surface. 

Subsequently, an epitaxial layer was formed onto 
these substrates with metal organic chemical vapor 
deposition, so that semiconductor wafer of a laminated 
structure as shown in FIG, 3 was manufactured. Concretely, 
an InP buffer layer 11 of 0 . 5|^m thick was formed onto an 
InP substrate 10, and an InGaAs layer 12 of 0.3 to 2.5nm 
thick is formed thereon. Furthermore, an InP layer 13 of 
0.5|im thick is formed. These layers were grown 
sequentially with epitaxial growth. 

In the epitaxial growth, growth temperature was set 
to 640°C, growth pressure is set to 50torr, and total gas 
flow is set to 601/min. Further, growth rate of the InGaAs 
layer 12 was set to 1.0|xm/h, and growth rates of the InP 
layers 11 and 13 were set to 2.0^m/h. 

As for the obtained semiconductor wafer, surface 
morphology of the InP layer 13 was observed under 
microscope and generation status of the aberrant surface 
morphology (FIG. 1), hillock-like defect and step-like 
defect were investigated. 

One of examples of the observation results is shown 
in TABLE 1. 
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TABLE 1 
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As a result, in the case of the epitaxial film having 
an InGaAs layer of thinner than 0.5 jam thick, the aberrant 
morphology was not observed regardless of dislocation 
density and plane orientation of the used substrate 
(samples 3, 4, 22 and 23) . 

On the other hand, in the case that an InGaAs layer 
of thicker than 0.5^m was grown, the aberrant surface 
morphology was observed in any substrates regardless of 
kind of the dopant and dislocation density when an angle of 
gradient was 0.035° and 0.037° (samples 5 to. 7, 15, 2 4 and 
25) . Note that even in the case that an InGaAs layer of 
thicker than 0.5|J.m was grown, the aberrant surface 
morphology was not observed when an angle of gradient with 
respect to (100) surface was other than 0.035° and 0.037° 
(samples 1, 2, 8 to 14, 16 to 21 and 26 to 28). 

As for the hillock-like defect, as shown in the above 
patent document 1 and non-patent literature 1 and the like, 
it was observed when a substrate was a tin doped InP 
substrate or iron doped InP which were recognized as a 
crystal having dislocation substrate and an angle of 
gradient was 0.00° to 0.05° with respect to (100) (samples 
13 to 15 and 20 to 25) . 

As for the step-like defect, as shown in the above 
non-patent literature 1, it was observed when an angle of 
gradient is 0.30° or more (sample 12). 

As described above, when an InGaAs layer was grown to 
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be 0.5nm thick or more with epitaxial growth, occurrence of 
the aberrant surface morphology could be prevented by using 
the substrates having an angle of gradient with respect to 
(100) surface of 0.00° to 0.03° or 0.04° or more. Further, 
occurrence of hillock-like defect could be prevented by 
using the substrates having dislocation density of 5000cm" 2 
or less, and occurrence of step-like defect could be 
prevented when an angle of gradient was 0.25° or less with 
respect to (100) surface. 

In the above embodiments, an example where an InGaAs 
layer is grown on an InP substrate with epitaxial growth is 
explained. The present invention can be applied to a case 
where the III-V group compound semiconductor layer 
comprising 3 or 4 elements including at least As (for 
example, an AlGaAs layer, AlInAs layer and AlInGaAs layer) 
is grown to be more than 0.5jxm thick on the InP substrate 
with epitaxial growth, similarly with the above case. 

In the above embodiment, an InP single crystal grown 
in (100) direction in the entire effective area with LEC 
method is processed so as to obtain a desired substrate for 
growth. However a substrate for growth which has been 
previously polished so that an angle of gradient is 0.00° 
to 0.03° or 0.04° to 0.24° with respect to (100) direction 
also can be used. 

According to the present invention, an epitaxial 
growth method comprises supporting a substrate for growth 
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with a substrate supporter, growing a compound 
semiconductor layer comprising 3 or 4 elements on the 
semiconductor substrate by metal organic chemical vapor 
deposition, polishing the substrate so that an angle of 
gradient with respect to (100) direction is 0.00° to 0.03° 
or 0.04° to 0.24° in an entire effective area of the 
substrate, and forming the compound semiconductor layer to 
be 0.5|im thick or more on the substrate by using the 
substrate for growth. Thus, the present invention is 
successful in that occurrence of aberrant surface 
morphology in the formed compound semiconductor layer is 
effectively prevented. 

Industrial applicability 

The present invention can be applied not only to a 
case where a III-V group compound semiconductor layer is 
grown on an InP substrate, but also to a case where the 
compound semiconductor layer is grown on a crystal 
substrate with epitaxial growth using the crystal substrate 
in which a difference of lattice constant is small between 
the substrate and the compound semiconductor layer to be 
grown . 



